Functional characterization and transcriptome analysis of embryonic stem cell-derived contractile smooth muscle cells.
Complete transcriptome profiling of contractile smooth muscle cells (SMCs) differentiated from embryonic stem cells is crucial for the characterization of smooth muscle gene expression signatures and will contribute to defining biological and physiological processes in these cells. We have generated a transgenic embryonic stem cell line expressing both the puromycin acetyl transferase and enhanced green fluorescent protein cassettes under the control of the Acta2 promoter. Applying a specific monolayer culture protocol using retinoic acid, a puromycin-resistant and enhanced green fluorescent protein-positive Acta2(+) SMC population of 95% purity was isolated. Acta2(+) SMCs were characterized by semiquantitative and quantitative RT-PCR profiling of SMC markers and by microarray expression profiling, as well as by immunostaining for SMC-specific cytoskeletal proteins. Patch-clamp electrophysiological characterization of these cells identified SMC-specific channels such as the ATP-sensitive potassium channel and the Ca(2+)-activated potassium channel. Culturing of Acta2(+) SMCs in serum-containing medium resulted in a significant number of hypertrophic and binucleated cells failing to complete cell division. Functional characterization of the cells has been proved by stimulation of the cells with vasoactive agents, such as angiotensin II and endothelin. We concluded that our embryonic stem cell-derived SMC population possesses the contractile and hypertrophic phenotype of SMCs incapable of proliferation. This is the first study describing the complete transcriptome of ES-derived SMCs allowing identification of specific biological and physiological processes in the contractile phenotype SMCs and will contribute to the understanding of these processes in early SMCs derived from embryonic stem cells.